Taxonomical analyses were performed on strain CPA58 T , a novel isolate obtained from surface-sterilized aboveground tissues of the halophyte Halimione portulacoides, collected from a salt marsh in Ria de Aveiro, Portugal. The strain was Gram-stain-negative, rod-shaped, oxidase-negative and catalase-positive. Optimal growth was observed at 26 C, at pH 6-8 and in the presence of 2 to 3 % (w/v) NaCl. Phylogenetic analyses, based on the 16S rRNA gene sequence, showed that strain CPA58
The genus Zunongwangia was proposed by Qin et al. [1] and belongs to the family Flavobacteriaceae. At the time of writing, the genus included three species with validly published names, isolated from different environments: Zunongwangia profunda from deep-sea sediment [1] , Zunongwangia atlantica from rhizosphere of a mangrove tree [2] and Zunongwangia mangrovi from deep-sea water [3] . The genus is described as comprising Gram-negative, non-motile and non-spore forming, strictly aerobic rods that are catalase-and oxidase-positive and without flexirubin, with MK-6 as the main menaquinone, and with the following main fatty acids: iso-C 15 : 0 , summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 !7c), iso-C 17 : 0 3-OH, iso-C 15 : 1 G, iso-C 17 : 1 !9c, C 15 : 0 , iso-C 15 : 0 3-OH [1] . An emendation to the description of the genus informs that some species require sodium ions for growth [3] .
During a diversity study of endophytic bacteria of the halophyte Halimione portulacoides from a salt marsh in Ria de Aveiro, Portugal, 665 isolates were obtained and characterized [4] . The present study focuses on one of these isolates, designated as strain CPA58
T , isolated from aboveground tissues of Halimione portulacoides. Comparative 16S rRNA gene sequence analyses showed that strain CPA58 T is closely related to members of the genus Zunongwangia. The aim of the present study was to determine the exact taxonomic position of strain CPA58
T using a polyphasic approach, as suggested by the minimal standards for describing novel taxa in the family Flavobacteriaceae [5] .
Healthy specimens of the halophyte Halimione portulacoides were collected from a salt marsh in September of 2012. Aboveground and belowground tissues from these specimens were surface-sterilized, macerated in phosphate buffered solution and studied for their bacterial diversity. The bacterial isolation was performed on three culture media: Tryptic Soy Agar (TSA, Merck), Marine Agar (MA, Difco Laboratories) and R2A (Merck) [4] . Strain CPA58 T was originally isolated from, and routinely cultured on, MA culture medium, at 28 C, under aerobic conditions.
Genomic DNA was prepared using a Genomic DNA Purification kit #0513 (Thermo Scientific), according to the manufacturer's instructions. Amplification of the 16S rRNA gene was performed as described elsewhere [4] and sequencing was carried out with the universal primers, 27F [6] and 704F [7] . Sequences of related taxa were obtained from the EzTaxon database [8] . Sequence alignment was performed with Clustal Omega [9] , and edited with BioEdit version 7.2.5 [10] . Phylogenetic analyses were performed using MEGA version 6.0 [11] . The Kimura two-parameter model [12] was used in clustering with the neighbour-joining (NJ) [13] and maximum-likelihood (ML) [14] methods. Bootstrap values, based on 1000 replications, were obtained in these phylogenetic analyses.
The near full-length 16S rRNA gene sequence of strain CPA58 T was obtained (1429 nt). The 16S rRNA gene sequence similarities were highest (96.5 %) with Zunongwangia profunda SM-A87
T and Zunongwangia mangrovi P2E16 Pseudofulvibacter geojedonensis YCS-9 T (JN885200)
Mesoflavibacter sabulilitoris GJMS-9 T (KJ816860)
Nonlabens xylanidelens DSM 16809 T (FR733714)
Psychroflexus torquis ATCC 700755 T (CH959305)
Gillisia limnaea DSM 15749 T (JH594606)
Salinimicrobium catena HY1 T (DQ640642)

Gramella echinicola KMM 6050 T (AY608409)
Salegentibacter salegens DSM 5424 T and representatives of other related taxa, based on 16S rRNA gene sequences. Filled circles indicate nodes that were also recovered in the maximum-likelihood (ML) tree, based on the same sequences. Bootstrap values (expressed as percentages of 1000 replications) !50 % are shown at branch points for NJ/ ML trees. Zobellia galactanivorans DsiJ T was used as an outgroup. Accession numbers for the type strains are shown in parenthesis. Bar, 0.01 nt substitution rate (K nuc ) units. intervals). The following buffers were used to adjust pH values: MES (4-morpholineethanesulfonic acid, pH 4 to 6; Sigma), Tricine (pH 7 and 8; Sigma), and CAPS (N-cyclohexyl-3-aminopropanesulfonic acid, pH 9 to 12; Sigma). At the optimal growth temperature and pH, tolerance to NaCl was tested using MA at ¼ strength as the basal medium, with NaCl concentrations of 0.5, 1 [adding 0.5 % NaCl (w/ v)], 2, 3, 5, 10, 15 and 20 % (w/v).
Zobellia galactanivorans
Unless otherwise stated, cells were grown on MA supplemented with 1 % (w/v) NaCl, incubated at 26 C for 2 days. Gram staining was performed using a Gram staining set (Merck), according to the manufacturer's instructions. Cell morphology and motility were observed using light microscopy (Nikon; 80i). Gliding motility was assessed after growing the strain in half strength MA for 72 h, using cavity slides and following the hanging-drop method previously 
described [15] . The presence of flexirubin-type pigments was assessed as described by Bowman [15] . Catalase activity was determined using H 2 O 2 -reagent (Liofilchem). Oxidase activity was evaluated using oxidase strips (Liofilchem).
Anaerobic growth was assessed using thioglycollate medium (Merck) supplemented with 2 % (w/v) NaCl, and growth was monitored for 7 days. DNA hydrolysis was determined on DNase agar (HiMedia) with 0.1 % (w/v) toluidine blue, and supplemented with 2 % (w/v) NaCl. Citrate utilization was assessed using Simmon's Citrate Agar (Oxoid) supplemented with 2 % (w/v) NaCl. Production of H 2 S was evaluated using Kligler's Iron Agar (Merck) supplemented with 2 % (w/v) NaCl. Hydrolysis of casein, starch, Tween 20, cellulose and xylan, phosphate solubilization, siderophore production, 1-aminocyclopropane-1-carboxylate (ACC) deaminase activity and indole acetic acid (IAA) production were assessed as previously described [4] .
Strain CPA58
T was Gram-stain-negative, oxidase-negative, catalase-positive, non-pigmented, rod-shaped and nonmotile. Growth in thioglycollate medium showed microaerophilic behaviour. Other physiological characteristics of strain CPA58
T are given in the species description.
Biochemical tests were carried out using API 20NE, API ZYM and API 50CH strips (bioM erieux), according to the manufacturer's instructions, except for using 0.9 % (w/v) NaCl solution for preparing cell suspensions. For strain CPA58 T cell suspensions were prepared using a 4 % (w/v) sea salts solution (Sigma) in order to accommodate the salinity requirements of the strain. Zunongwangia profunda DSM 18752 T and Z.unongwangia mangrovi DSM 24499 T were tested for comparison. The results are given in the species description and in Table 1 .
Determination of G+C contents was performed by HPLC [16] . The DNA G+C content of the endophytic isolate CPA58 T was 35.1 mol%. The value is similar to those for Z. unongwangia profunda SM-A87 T (36.2 %) and Zunongwangia mangrovi P2E16 T (34.3 %), which were obtained from genomic data [3, 17] .
For lipoquinone analysis, strain CPA58
T was grown on marine broth (MB) at 26 C for 72 h, and the cells were then harvested and lyophilized. Lipoquinones were then extracted and analyzed as described by Proença et al. [18] . The major respiratory quinone of strain CPA58
T was determined to be MK-6, which is in accordance with the characteristics of the genus Zunongwangia.
For fatty acid analysis, cells were grown on MA at 26 C for 48 h, and the analysis was conducted as previously described [18] . The Agilent Technologies 6890 N Network GC System and Standard MIS Library Generation Software (SherlockMicrobial ID System, TSBA 6 database, version 6.0; USA) were used. The fatty acid profile of CPA58
T was produced in parallel with those of Zunongwangia profunda DSM 18752 T and Zunongwangia mangrovi DSM 24499 T . The major fatty acids of strain CPA58
T were iso-C 15 : 0 , summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 !7c) and iso-C 17 : 0 3-OH, which accounted for over 45 % of the total fatty acids. The results are presented in Table 2 and are in accordance with what has been described previously for the genus Zunongwangia.
The differences in physiological, biochemical and chemotaxonomic characteristics between strain CPA58 T , Zunongwangia profunda DSM 18752 T and Z. mangrovi DSM 24499 T are given in Table 1 . The 16S rRNA gene sequence similarity between strain CPA58
T , Zunongwangia profunda SM-A87
T and Zunongwangia mangrovi P2E16 T strongly indicates that strain CPA58 T belongs to the genus Zunongwangia. Strain CPA58 T represents, however, a novel and distinct species as it can be differentiated from other type strains of the genus on the basis of physiological and chemotaxonomic characteristics. Additionally, organisms that present a 16S rRNA gene sequence similarity below 97 % rarely display a DNA-DNA homology greater than 70 % [19] , which is below the threshold for same species relatedness [20] . On the basis of the data described above, strain CPA58 T should be regarded as representing a novel species of the genus Zunongwangia, for which the name Zunongwangia endophytica sp. nov. is proposed. An emended description of the genus Zunongwangia is also proposed. The description of the genus Zunongwangia is as given in Qin et al. [1] and Rameshkumar et al. [3] with the following amendment: species are microaerophilic or strictly aerobic, and variable for the oxidase reaction.
EMENDED DESCRIPTION OF THE GENUS
DESCRIPTION OF ZUNONGWANGIA ENDOPHYTICA SP. NOV.
Zunongwangia endophytica (en.do.phy¢ti.ca. Gr. pref. endo within; Gr. n. phyton plant; L. fem. suff. -ica adjectival suffix used with the sense of belonging to; N.L. fem. adj. endophytica within plant, pertaining to the endophytic nature of the strain and its isolation from internal plant tissues).
Gram-stain-negative, rod-shaped, 0.55-1.13 µm wide and 1.38-3.4 µm long and non-motile. Positive for catalase, phosphate solubilization, production of IAA, xylan hydrolysis and hydrolysis of Tween 20, but negative for oxidase, siderophore production, ACC deaminase activity, DNA hydrolysis, citrate utilization, H 2 S production, and hydrolysis of starch, carboxymethyl cellulose and casein (hydrolysis of skimmed milk). Cannot grow under anaerobic conditions, but presents microaerobic behaviour. Flexirubin-type pigments are absent.
On MA plates forms smooth and creamy yellow colonies with smooth regular edges, 0.6-2.2 mm in diameter after incubating at 26 C for 48 h. Slightly halophilic, grows in the presence of 2-10 % (w/v) NaCl [optimum 2-3 % (w/v) NaCl], at 4-30 C (optimum 26 C) and at pH 6-9 (optimum 6-8). The main fatty acids are iso-C 15 : 0 , iso-C 17 : 0 3-OH, and summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 !7c). The major respiratory quinone is MK-6. In the API 20NE test, hydrolyzes aesculin (b-glucosidase), gelatin (protease) and para-nitrophenyl-b-D-galactopyranose (b-galactosidase), but is negative for the fermentation of D-glucose, activity of arginine dihydrolase, urease, indole production, reduction of nitrates to nitrites and to nitrogen, assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. In API ZYM test strips, positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase; weakly positive for cystine arylamidase, a-chymotrypsin, a-galactosidase and b-galactosidase; The type strain, CPA58
T (=CECT 9128 T =LMG 29517 T ) was isolated from surface-sterilized tissues of the halophyte, Halimione portulacoides. The G+C content of the DNA of the type strain is 35.1 mol%.
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